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SOI SUBSTRATE AND FABRICATION
PROCESS THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an SOI sub-
strate and a fabrication process therefor. More specifically,
the 1nvention relates to an SOI substrate suitable for a power
IC, 1n which a power element and a control circuit element
including an ultra thin film SOI element are integrated on a
single chip.

2. Description of the Related Art

When a high-power element having a current path from a
surface to a backside surface of a silicon substrate and a
control circuit consisting of low tolerance voltage power
clement are integrated on a single chip, an SOI substrate, 1n
which the control circuit can be formed 1n an SOI layer
1solated from a power element forming region, 1s employed.

This type of SOI substrate has been known from Japanese
Unexamined Patent Publication (Kokai) No. Heisei 4-29353

and Proceedings of 1992 ISPSD.

FIGS. 1A to 1F are sections showing steps 1n sequential
order of a fabrication process of the SOI substrate for
integrating a vertical type power element and the control
circuit, as disclosed 1n the above-identified Japanese Unex-

amined Patent Publication No. Heise1 4-29353 (hereinafter
referred to as “first prior art”).

At first, as shown 1n FIG. 1A, a patterning 1s performed
for a main surface of a first silicon substrate (N type) 1 by
way ol a photolithographic method, and a shallow step 2 1s
formed by 10n etching or other appropriate methods using a
photoresist as a mask.

Then, as shown in FIG. 1B, after forming an insulation
layer of S10, by way of thermal oxidation or other appro-
priate methods, a projecting portion of the 1nsulation layer
projecting beyond the main surface of the substrate 1s
removed by polishing, etching or other applicable method so
that the exposed surface of the first silicon substrate
(N~ type) 1 and the surface of the buried insulation layer 3 lie
flush (on the same plane).

Subsequently, as shown 1n FIG. 1C, the main surface of
the first silicon substrate (N"type) 1, in which the buried
insulation layer 3 1s formed, 1s bonded with a main surface
of a second silicon substrate (N"-type) 4. Then, heat treat-
ment 1s performed to form a firmly bonded single composite
substrate.

Thereafter, the first silicon substrate (N"type) 1 is ground
and polished into a desired thickness. In conjunction
therewith, planarization 1s effected to form an SOI layer 9.

As shown 1n FIG. 1E, on the planar surface of the SOI

layer 9 formed through the planarization, an msulation layer
1s formed. Then, the 1nsulation layer 1s patterned by photo-
lithographic method. Using the insulation layer as a mask,
alkali-etching 1s performed to form cross-sectionally trian-
oular 1solation grooves 10 for isolating elements.

Thereafter, as shown 1n FIG. 1F, an insulation layer 1s
formed on the surface of the first silicon substrate (N"type)
1 by thermal oxidation or other applicable method. Then, by
way of CVD method or epitaxial method, a polycrystalline
silicon layer 1s formed. Then, the polycrystalline silicon
layer and the insulation layer are polished to form mnsulation
layers 11 on tapered side walls of the 1solation grooves 10,
and polycrystalline silicon layers 12 buried 1n the 1solation
orooves 10. Through the sequence of process set forth
above, the SOI substrate, in which the element forming
regions are 1solated by dielectric body, can be obtained.
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2

FIGS. 2A to 2D are sections showing sequential order of
process steps of a fabrication process of an SOI substrate
adapted for integrating horizontal-type power elements and
control circuit as disclosed 1n the above-i1dentified Proceed-
ings of 1992 ISPSD (hereinafter referred to as “second prior
art”).

At first, as shown 1n FIG. 2A, after forming an msulation
layer 103 on one main surface of a first silicon substrate
(P type) 101 by thermal oxidation, the one main surface is
bonded with one main surface of a second silicon substrate
(any impurity concentration and conductivity type) 102.
Then, heat treatment 1s performed to form a single compos-
ite substrate, 1n which the first and second silicon substrates
are firmly bonded.

Then, as shown 1n FIG. 2B, the surface of the first silicon
substrate (P type) 101 is ground and polished into a desired
thickness. In conjunction therewith, planarization 1s per-
formed to obtain the SOI layer 9.

Subsequently, applying the similar processes to those of
the steps of FIGS. 1E and 1F, the SOI substrate, 1n which the
clement forming regions are isolated by dielectric body, 1s
formed as shown 1n FIGS. 2¢ and 2D.

In case of a power IC, 1n which the high tolerance voltage
power element and the control circuit constructed with the
low tolerance voltage element are integrated into a single
chip, if an ultra thin film SOI element having property of
high speed operation, lower power consumption, high reli-
ability and so forth, 1s integrated, it becomes necessary to
completely deplete the SOI layer in order to attain high
speed 1 operation of the ultra thin film SOI element. A
thickness of the SOI layer 1s required 1n the range of 0.1 um.
The design rule for achieving higher package density asso-
ciated with reduction of the element dimension always
requires a precision of £10% 1n each dimension, £10% of
precision 1s similarly required for the thickness of the SOI
substrate

When the thickness of the SOI layer 1s set at 0.1 yum for
integrating the ultra thin film SOI element 1n the power IC,
in the first prior art, the thickness of the low concentration
region of the vertical-type power element forming region
(FIG. 1F) becomes thinner simultaneously. In the normal
case, the vertical-type power element requires several tens to
several hundreds volts of tolerance. For satistying such
tolerance voltage, a thickness of the low concentration
region, several to several tens um 1s required. Accordingly,
in the conventional SOI substrate 1t has been ditficult to form
the ultra thin film SOI element for high speed operation and
the power element having sufficiently high tolerance
voltage, on the common substrate.

Similarly, the horizontal type power element 1s also
required the tolerance voltage of several tens to several
hundreds volts. Thus, approximately 1 um of thickness
becomes required for the SOI layer in the region for forming,
such power elements. However, 1n the SOI substrate of the
second prior art, the SOI layer 1n the horizontal-type power
clement forming region should have a thickness of approxi-
mately 0.1 um similarly to the ultra thin film SOI layer.
Theretore, 1t 1s not possible to form the ultra thin film SOI
clement operable to high speed and the horizontal-type
power element having suificient high tolerance voltage on
the common substrates.

Also, 1n the second prior art, the thickness of the
horizontal-type power element forming region (FIG. 2D)
becomes 0.1 um. Therefore, the power element with suffi-
cient performance cannot be fabricated in the conventional
fabrication process.
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SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the present invention to
provide an SOI substrate, in which an ultra thin film SOI
clement can be integrated in a power IC, and a fabrication
process therefore.

Another object of the present invention is to provide the
SOI substrate, in which the power element having suffi-
ciently high tolerance voltage power element and the ultra
thin film SOI element permitting high speed operation can
be 1ntegrated on a single chip with avoiding mutual affect
during operation, and a fabrication process therefor.

A further object of the present invention 1s to the SOI
substrate which can integrate a vertical-type power element
and can be adapted to wide range of tolerance voltage of the
power element, and a fabrication process therefor.

A still further object of the present invention 1s to provide
the SOI substrate which can improve layer thickness con-
trollability of the ultra thin film SOI layer and can integrate
a power element with high tolerance voltage, and a fabri-
cation process therefor.

A yet further object of the present invention 1s to provide
the SOI substrate which can provide sufficiently high bond-
ing ability even when a planarization process for flattening
a surface, 1n which a single-crystalline silicon and an 1nsu-
lation layer are admixingly present.

An SOI substrate according to the present invention, may
comprise:
a first single-crystalline silicon substrate, including:
a first insulation layer partially buried on one surface to
be bonded of said single-crystalline silicon substrate;
a ultra thin film SOI layer formed on another surface of
said single-crystalline silicon substrate at the oppo-
site side to said one surface to be bonded; and
a second 1nsulation layer formed from the surface of
said ultra thin film SOI layer 1n a depth reaching said
first insulation layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate said second single-crystalline silicon
substrate 1including:

a single-crystalline silicon epitaxial layer of low 1mpu-
rity concentration on one surface to be bonded.

An SOI substrate according to another aspect of the

invention, may comprise:

a first single-crystalline silicon substrate, including:

a first insulation layer partially buried on one surface to
be bonded of said single-crystalline silicon substrate;

an SOI layer formed on another surface of said single-
crystalline silicon substrate at the opposite side to
said one surface to be bonded;

a dielectric 1solation region formed from the surface of
said SOI layer 1n a depth reaching said first 1insula-
tion layer;

a third insulation layer formed on the surface of said
SOI layer surrounded by at least one dielectric
1solation region; and

a ultra thin film SOI layer formed between said third
insulation layer and said SOI layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate.

An SOI substrate according to another aspect of the

invention, may comprise:

a first single-crystalline silicon substrate, including:

a first insulation layer buried on entire surface of one
surface to be bonded of said single-crystalline silicon
substrates
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an SOI layer formed on another surface of said single-
crystalline silicon substrate at the opposite side to
said one surface to be bonded;

a dielectric 1solation region formed from the surface of
said SOI layer mn a depth reaching said first 1nsula-
tion layer;

a third insulation layer formed on the surface of said
SOI layer surrounded by at least one dielectric
1solation region; and

a ultra thin film SOI layer formed between said third
insulation layer and said SOI layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate.

An SOI substrate according to still further aspect of the

invention, may COmprise:

a first single-crystalline silicon substrate, including:
an SOI layers formed on another surface of said single-

crystalline silicon substrate at the opposite side to
one surface to be bonded;

a plurality of dielectric 1solation regions formed from
the surface of said SOI layer 1n a depth reaching said
first insulation layer;

a third insulation layer formed on the surface of said
SOI layer surrounded by at least one of dielectric
1solation regions; and

a ultra thin film SOI layer formed between said third
insulation layer and said SOI layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate, said second single-crystalline silicon
substrate 1ncluding:
first 1insulation layer formed over entire surface of one

surface to be bonded of said second single-
crystalline silicon substrate.

A fabrication process of an SOI substrate according to the

invention, may comprise the steps of:

forming a first insulation layer partially buried in one
main surface of a first single-crystalline silicon sub-
strate;

flattening the surface of said single-crystalline silicon
substrate and the surface of said first insulation layer on
said one main surface of said first single-crystalline
silicon substrate, so that both surface lies 1 flush;

performing epitaxial growth of a single-crystalline silicon
layer on a main surface of a second single-crystalline
silicon substrate, said single-crystalline silicon layer
having lower impurity concentration than that of said
second single-crystalline silicon substrate;

bonding said first single-crystalline silicon substrate and
said second single-crystalline silicon substrate with
mating said first msulation layer and said epitaxially
orown single-crystalline silicon layer and performing
heat treatment for integrating both substrates;

forming a ultra thin film SOI layer by polishing the other
main surface of said first single-crystalline silicon
substrate; and

forming a second insulation layer reaching said first
insulation layer 1 said ultra thin film SOI layer.

A fabrication process of an SOI substrate according to the

another aspect of the invention, may comprise the steps of:

forming a first insulation layer partially buried in one
main surface of a first single-crystalline silicon sub-
strate;

flattening the surface of said single-crystalline silicon
substrate and the surface of said first insulation layer on
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said one main surface of said first single-crystalline
silicon substrate, so that both surface lies 1n flush;

bonding the flattened surface and one main surface of a
second single-crystalline silicon substrate and perform-
ing heat treatment for integrating both substrates;

polishing one of the other main surface of said first and
second single-crystalline silicon substrates to form an
SOI layer contacting with said first insulation layer;

forming 1solation groove 1n said SOI layer in a depth
reaching said first insulation layer;

forming a second insulation layer on inner wall of said
1solation groove;

burying a dielectric material within said 1solation groove
formed with said second insulation layer to form a
dielectric 1solation region; and

forming a third msulation layer and a ultra-thin film SOI

layer below said third insulation layer by performing

oxygen 1on implantation and heat treatment for said

SOI layer surrounded by said dielectric 1solation
region.

A fabrication process of an SOI substrate according to

another aspect of the invention, may comprise the steps of:

forming a first insulation layer on one main surface of a
first single-crystalline silicon substrate;

flattening the surface of said one main surface of said
single-crystalline silicon substrate and the surface of
said first insulation layer so that both surface lies 1n

flush;

bonding the flattened surface and one main surface of a
second single-crystalline silicon substrate and perform-
ing heat treatment for integrating both substrates;

polishing one of the other main surface of said first and
second single-crystalline silicon substrates to form an
SOI layer contacting with said first insulation layer;

forming 1solation groove in a depth reaching said first
insulation layer 1n said SOI layer;

forming a second insulation layer on inner wall of said
1solation groove;

burying a dielectric material within said 1solation groove
formed with said second insulation layer to form a
dielectric 1solation region; and

forming a third msulation layer and a ultra-thin film SOI
layer below said third insulation layer by performing
oxygen 1on implantation and heat treatment for said
SOI layer surrounded by said dielectric 1solation
region.

According to the present invention, a power element
forming region and a control circuit forming region are
1solated by a dielectric body. It 1s also possible to permit
selection of the thickness of low concentration layer adapted
to a form respective forming regions so that a power element
with sufficiently high tolerance voltage and an ultra thin film
SOI element having high speed operation do not atfect each
other, thereby permitting integration on a single chip.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mnvention will be understood more fully from
the detailed description given herebelow and from the
accompanying drawings of the preferred embodiment of the
mvention, which, however, should not be taken to be limi-
tative to the present invention, but are for explanation and
understanding only.

In the drawings:

FIGS. 1A to 1F are sections showing a sequential order of
steps of a fabrication process of an SOI substrate 1n the first
prior art;
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6

FIGS. 2A to 2D are sections showing a sequential order
of steps of a fabrication process of the SOI substrate 1n the
second prior art;

FIGS. 3A to 3E are sections showing a sequential order of
steps of the first embodiment of a fabrication process of the
SOI substrate according to the present invention;

FIGS. 4A to 4E are sections showing a sequential order of
steps of the second embodiment of a fabrication process of

the SOI substrate according to the present invention;

FIGS. 5A to SE are sections showing a sequential order of
steps of the third embodiment of a fabrication process of the
SOI substrate according to the present invention; and

FIGS. 6 A to 6E are sections showing a sequential order of
steps of the fourth embodiment of a fabrication process of
the SOI substrate according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will be discussed hereinafter in
detail 1 terms of the preferred embodiment of the present
invention with reference to the accompanying drawings. In
the following description, numerous specific details are set
forth 1n order to provide a thorough understanding of the
present invention. It will be obvious, however to those
skilled 1n the art that the present invention may be practiced
without these specific details. In other instances, well-known
structures are not shown in detail in order to avold unnec-
essarily obscuring the present invention.

FIGS. 3A to 3E are sections showing a sequential order of
process steps of the first embodiment of a fabrication
process of an SOI substrate according to the present
mvention, and a structure of the SOI substrate. At first, as
shown 1n FIG. 3A, 1n order to obtain the desired character-
istics of elements formed in the following process steps, a
first silicon substrate (N~ -type) 1 doped with phosphorous in
a range of concentration of approximately 10** cm™ to 10*°
cm™, for example, is prepared. On one main surface of the
substrate, a photolithographic method and an 1on etching
method are applied to form a step 2 adapting to a thickness
of a buried 1nsulation layer 3 as a first insulation layer to be
formed 1n the next step.

Next, as shown 1n FIG. 3B, after formation of the 1nsu-
lation layer consisted of S10, 1 a thickness of several um
required for i1solation, by thermal oxidation or other appro-
priate method, a projecting portion of the insulation layer
projecting beyond the general surface of the substrate 1s
removed by polishing or etching to form the buried 1nsula-
tion layer 3 having a surface lying in flush to an exposed
surface of the first silicon substrate (N~ type) 1.

Next, a second silicon substrate (N*-type) 4 doped with
10" ¢cm™ of antimony, for example is prepared. On one
primary surface of the second silicon substrate (N*-type) 4,
as shown 1n FIG. 3C, an epitaxial layer (N~ layer) 5§ doped
with about 10'* ¢m™ to 10> e¢m™ of phosphorous, is
formed 1n a thickness necessary for obtaining demanded
tolerance voltage of a vertical-type power element which
will be formed through the following process.

Then, as shown 1n FIG. 3C, the first silicon substrate 1 and
the second silicon substrate 4 are bonded with mating one
main surface of the first silicon substrate (N type) 1 formed
with the buried insulation layer 3 and the epitaxial layer
(N~ -type) 5 of the second silicon substrate 4. Next, the
substrate is subjected to a heat treatment at 1100to 1200° C.
for about one to two hours for firmly forming a junction
between the substrates 1 and 4 to form an integrated single
composite substrate.
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Next, as shown 1n FIG. 3D, the first silicon substrate
(N~ -type) 1 is ground and polished for planarization of the
surfaces. In conjunction therewith, an ultra thin film SOI
layer 7 1n a thickness of about 0.1 um 1s formed.

Then, as shown 1n FIG. 3E, on the flattened surface of the
SOI layers 7, a plurality of 1solating insulation layer 8 are
formed 1n a thickness reaching the buried insulation layer 3
by LOCOS method. As set forth above, the SOI substrate, in
which the element forming regions are dielectrically 1solated
by the 1nsulation layer 8, can be formed.

FIGS. 4A to 4E show a sequential order of a second
embodiment of a fabrication process of the SOI substrate
according to the present invention, and the structure of the
second embodiment of the SOI substrate. At first, applying
the similar processes of FIGS. 3A and 3B, the first silicon
substrate (N"type) 1 having the buried insulation layer 3 is
obtained. Next, as shown 1n FIG. 4A, one main surface of
the silicon substrate 1 and one main surface of the second
silicon substrate (N -type) 4 is bonded. Then, through heat
freatment, a single composite substrate in which the sub-
strates 1 and 4 are firmly coupled 1s obtained.

Next, as shown in FIG. 4B, the first silicon substrate
(N~type) 1 is ground and polished to form a N~ layer in a
thickness required for obtaining desired characteristics of
the vertical-type power element. Also, by flattening the
surface of the N7layer, an SOI layer 9 1s formed.

Then, as shown 1n FIG. 4C, a S10, layer 1s formed on the
surface of the first silicon substrate (N-type) 1 by way of
thermal oxidation or so forth. After performing patterning by
way of photolithographic method, isolation grooves 10 for
1solating elements are formed byway of alkali etching,
reactive 1on etching (RIE) or any other applicable method.
At this time, when the SOI layer 9 is relatively thin (less than
or equal to 16 or 17 um), it is desirable to select the RIE
method 1n order to reduce the area required for 1solation as
much as possible.

Next, as shown 1in FIG. 4D, over the entire surface of the
first silicon substrate (N~type) 1, an insulation layer con-
sisting of SIO, 1s formed by thermal oxidation or other
applicable method. Then, a polycrystalline silicon layer 1s
formed thereover by way of CVD method, epitaxial method
and so forth. Then, by way of grinding and polishing, the
insulation layer and the polycrystalline silicon layer on the
surface of the first silicon substrate 1 are removed. Thus,
dielectric 1solation regions 20, 1n which the msulation layers
11 are formed on the side wall of the 1solation groove 10 and
polycrystalline silicon layer 12 1s buried in the isolation
ogroove 10, 1s formed.

Next, as shown 1n FIG. 4E, an insulation layer consisted
of S10, 1s formed over the entire surface of the first silicon
substrate (N type) 1 by way of thermal oxidation or so forth.
Then, patterning 1s performed by photolithographic method.
Subsequently, on the surface of the SOI layer 9 surrounded
by the dielectric 1solation regions 20, oxygen 1s doped 1n the
concentration about 107 cm™ to 10*® cm™, and heat
treatment 1s performed at 1300° C. for a several hours
(SIMOX method). By this SIMOX method, the SOI sub-
strate having a structure, in which the ultra thin film SOI
layer 7 1n a thickness about 0.1 s#m 1s formed and 1solated
from the vertical-type element forming region by the dielec-
tric 1solation region 20, can be fabricated.

FIGS. 5A to SE are sections showing a sequential process
steps of the third embodiment of the SOI substrate fabrica-
fion process according to the present invention, and the
structure of the SOI substrate formed through the third
embodiment of the fabrication process. At first, by applying
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a similar process to those in FIGS. 3A and 3B, the first
silicon substrate (N"type) 1 with the buried insulation layer
3 1s formed.

Next as shown 1n FIG. SA a polycrystalline silicon layer
14 1s formed on one main surface of the first silicon substrate
1 by way of CVD method or any other applicable method.
The surface of the polycrystalline silicon layer 14, 1s pol-
ished for planarization. The flattened surface of the poly-
crystalline silicon layer 14 formed on the first silicon sub-
strate (N-type) 1 is mated and bonded with one main
surface of the second silicon substrate (N -type) 4. Then,
through heat treatment, a single composite substrate 1is
formed m which the substrates 1 and 4 are firmly coupled.
At this time, the polycrystalline silicon layer 14 1s formed
for flattening the surface of the first silicon substrate
(N~ type) 1 with the buried insulation layer 3, and enables
bonding with the second silicon substrate 4 even 1if the
flattening polishing step of the surface of the first silicon
substrate (N"type) 1 is neglected. Also, the polycrystalline
silicon layer 14 may be doped with impurity as required to
lower resistance thereof.

As shown 1n FIGS. 5B to 5E, processes similar to those
in FIGS. 4B to 4E are applied. Then, as shown i FIG. 5E,
the SOI substrate having the ultra thin film SOI layer 7
having thickness of about 0.1 um and 1solated from the
vertical-type power element formation region by dielectric
1solation, can be obtained.

FIGS. 6A to 6E show a sequential order of process steps
in the fourth embodiment of the SOI fabrication process, and
the structure of the substrate therefor. At first, as shown 1n
FIG. 6A, the insulation layer 103 i1s formed over the one
main surface of the first silicon substrate (N~type) 1 by way
of thermal oxidation. Then, on the surface of the insulation
layer 103 formed on the first silicon substrate 1, a second
silicon substrate (arbitrary impurity concentration and con-
ductivity type) 102 is bonded. Then, through heat treatment,
a single composite substrate 1n which the substrates 1 and
102 are firmly coupled 1s obtained.

Next, as shown 1n FIGS. 6B to 6E, similar processes to
those 1n FIGS. 4B to 4E are applied to obtain the SOI
substrate having the ultra thin film SOI layer 7 having
thickness of about 0.1 um and 1solated from the horizontal-
type power element formation region by dielectric 1solation.

As set forth above, according to the present invention, as
shown 1 FIGS. 3A to 3E, 4A to 4E, 5A to 5E and 6A to 6E,
the power element forming region and the control circuit
forming region are dielectrically 1solated with thick insula-
tfion layer. Also, 1t becomes possible to select thickness of the
low concentration layer adapting to respective forming
regions. Therefore, the power element with sufficiently high
tolerance voltage and the ultra thin film SOI element of high
operation speed can be integrated on the single chip while
avolding the influence of each other.

Particularly, by laminating the silicon substrate having
low 1impurity concentration epitaxial layer, integration of the
vertical-type power element becomes possible. Also, by
varying the thickness of the epitaxial layer, wide range of
tolerance voltage can be provided for the power element.

Also, by forming the ultra thin film SOI layer on the SOI
substrate having relatively thick SOI layer formed on the
thick insulation layer having thickness of several um by way
of SIMOX method, controllability of layer thickness of the
ultra thin film SOI layer can be improved. Furthermore, it
becomes possible to mtegrate the power element with high
tolerance voltage, which could not be 1solated in view of the
tolerance voltage by the silicon oxide layer in the thickness
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less than or equal to about 0.3 um which can be formed by
the SIMOX method.

Furthermore, by employing the flattened surface of the
polycrystalline silicon layer as bonding surface, sufficiently
high bonding ability can be attained even during the process
for flattening the surface, in which the single-crystalline
silicon and the insulation layer are present 1in admixing
fashion.

Although the invention has been 1llustrated and described
with respect to exemplary embodiments thereot, 1t should be
understood by those skilled 1n the art that the foregoing and
various other changes, omissions and additions may be
made therein and thereto, without departing from the spirit
and scope of the present invention. Therefore, the present
invention should not be understood as limited to the speciiic
embodiment set out above but to include all possible
embodiments which can be embodied within a scope encom-
passed and equivalents thereof with respect to the features
set out 1in the appended claims.

What 1s claimed 1s:

1. An SOI substrate comprising;:

a first single-crystalline silicon substrate, including:

a first mnsulation layer partially buried on one surface to
be bonded of said single-crystalline silicon substrate;

an ultra thin film SOI layer formed on another surface
of said single-crystalline silicon substrate at the
opposite side to said one surface to be bonded; and

a second 1nsulation layer formed from the surface of
said ultra thin film SOI layer 1n a depth reaching said
first insulation layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate, said second single-crystalline silicon
substrate 1ncluding;

a single-crystalline silicon epitaxial layer of low 1mpu-
rity concentration on one surface to be bonded.

2. An SOI substrate comprising:

a first single-crystalline silicon substrate, including:

a first insulation layer partially buried on one surface to
be bonded of said single-crystalline silicon substrate;

an SOI layer formed on another surface of said single-
crystalline silicon substrate at the opposite side to
said one surface to be bonded;

a dielectric 1solation region formed from the surface of
said SOI layer 1n a depth reaching said first 1insula-
tion layer;

a third insulation layer formed on the surface of said
SOI layer surrounded by at least one dielectric
1solation region; and

a ultra thin film SOI layer formed between said third
insulation layer and said SOI layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate.

3. An SOI substrate asset forth in claim 2, which further
comprises a polycrystalline silicon layer covering the entire
surface of one surface of said first single-crystalline silicon
substrate, 1n which said first insulation layer 1s buried.

4. An SOI substrate comprising:

a first single-crystalline silicon substrate, including:

a first insulation layer buried on entire surface of one
surface to be bonded of said single-crystalline silicon
substrate;

an SOI layer formed on another surface of said single-
crystalline silicon substrate at the opposite side to
said one surface to be bonded;
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a dielectric 1solation region formed from the surface of
said SOI layer mn a depth reaching said first 1nsula-
tion layer;

a third insulation layer formed on the surface of said
SOI layer surrounded by at least one dielectric
1solation region; and

an ultra thin film SOI layer formed between said third
insulation layer and said SOI layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate.

5. An SOI substrate as set forth 1n claim 4, which further
comprises a second insulation layer formed over the entire
surface of one surface to be bonded of said second single-
crystalline silicon substrate.

6. An SOI substrate comprising:

a first single-crystalline silicon substrate, including:

an SOI layer formed on another surface of said single-
crystalline silicon substrate at the opposite side to
one surface to be bonded;

a plurality of dielectric 1solation regions formed from
the surface of said SOI layer 1n a depth reaching said
first insulation layer;

a third insulation layer formed on the surface of said
SOI layer surrounded by at least one of dielectric
1solation regions; and

an ultra thin film SOI layer formed between said third
insulation layer and said SOI layer; and

a second single-crystalline silicon substrate to be bonded
onto said one surface of said first single-crystalline
silicon substrate, said second single-crystalline silicon
substrate 1ncluding;:

a first insulation layer formed over the entire surface of
one surface to be bonded of said second single-
crystalline silicon substrate.

7. An SOI substrate as set forth in claim 1, wherein said
first and second single-crystalline silicon substrates are of
the same conductivity type, said first single-crystalline sili-
con substrate has low impurity concentration and said sec-
ond single-crystalline silicon substrate has high impurity
concentration.

8. An SOI substrate as set forth in claim 2, wherein said
first and second single-crystalline silicon substrates are of
the same conductivity type, said first single-crystalline sili-
con substrate has low impurity concentration and said sec-
ond single-crystalline silicon substrate has high impurity
concentration.

9. An SOI substrate as set forth 1n claim 4, wherein said
first and second single-crystalline silicon substrates are of
the same conductivity type, said first single-crystalline sili-
con substrate has low impurity concentration and said sec-
ond single-crystalline silicon substrate has high impurity
concentration.

10. An SOI substrate as set forth 1n claim 6, wherein said
first and second single-crystalline silicon substrates are of
the same conductivity type, said first single-crystalline sili-
con substrate has low impurity concentration and said sec-
ond single-crystalline silicon substrate has high impurity
concentration.

11. A fabrication process of an SOI substrate comprising
the steps of:

forming a first msulation layer partially buried in one
main surface of a first single-crystalline silicon sub-
strate;

flattening the surface of said single-crystalline silicon
substrate and the surface of said first insulation layer on
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said one main surface of said first single-crystalline
silicon substrate, so that both surfaces lies 1n flush;

performing epitaxial growth of a single-crystalline silicon
layer on a main surface of a second single-crystalline
silicon substrate, said single-crystalline silicon layer
having lower impurity concentration than that of said
second single-crystalline silicon substrate;

bonding said first single-crystalline silicon substrate and
said second single-crystalline silicon substrate by mat-
ing said first insulation layer and said epitaxially grown
single-crystalline silicon layer and performing heat
treatment for integrating both substrates;

forming an ultra thin film SOI layer by polishing the other
main surface of said first single-crystalline silicon
substrate; and

forming a second insulation layer reaching said first
insulation layer 1n said ultra thin film SOI layer.
12. A fabrication process of an SOI substrate comprising
the steps of:

forming a first 1nsulation layer partially buried in one
main surface of a first single-crystalline silicon sub-
strate;

flattening the surface of said single-crystalline silicon
substrate and the surface of said first insulation layer on
said one main surface of said first single-crystalline
silicon substrate, so that both surfaces lie 1n flush;

bonding the flattened surface and one main surface of a
second single-crystalline silicon substrate and perform-
ing heat treatment for integrating both substrates;

polishing one of the other main surfaces of said first and
second single-crystalline silicon substrates to form an
SOI layer contacting with said first insulation layer;

forming 1solation groove 1n said SOI layer in a depth
reaching said first insulation layer;

forming a second 1nsulation layer on an inner wall of said
1solation groove;

burying a dielectric material within said 1solation groove
formed with said second insulation layer to form a
dielectric 1solation region; and
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forming a third insulation layer and an ultra-thin film SOI
layer below said third insulation layer by performing
oxygen 1on 1mplantation and heat treatment for said
SOI layer surrounded by said dielectric 1solation
region.

13. A fabrication process of an SOI substrate as set forth
in claim 12, wherein a step for forming a polycrystalline
silicon layer over the flattened surface of said first single-
crystalline silicon substrate buried by said first insulation
layer and polishing said polycrystalline silicon layer for
forming a flattened surface of said polycrystalline silicon
layers, 1s inserted between said flattening step and said
bonding step.

14. A fabrication process of an SOI substrate comprising
the steps of:

forming a first msulation layer on one main surface of a
first single-crystalline silicon substrate;

flattening the surface of said one main surface of said
single-crystalline silicon substrate and the surface of
said first 1nsulation layer so that both surfaces lie 1n

flush;

bonding the flattened surface and one main surface of a
second single-crystalline silicon substrate and perform-
ing heat treatment for integrating both substrates;

polishing one of the other main surfaces of said first and
second single-crystalline silicon substrates to form an
SOI layer contacting with said first 1insulation layer;

forming an 1solation groove 1n a depth reaching said first
insulation layer 1 said SOI layer;

forming a second insulation layer on an mnner wall of said
1solation groove;

burying a dielectric material within said 1solation groove
formed with said second insulation layer to form a
dielectric 1solation region; and

forming a third insulation layer and an ultra-thin film SOI
layer below said third insulation layer by performing
oxygen 1on 1mplantation and heat treatment for said
SOI layer surrounded by said dielectric 1solation
region.
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